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METHOD FOR MANUFACTURING A SENSING ELEMENT 
T]^**invention relates to a method for manufacturing a sensing 

A 

element, in particular for determining the oxygen content in 

engines. . ^ 

exhaust gases of internal combustion <^g±nom , havingr tlTg 
£GatuL"eG rceifce-J In Llie pieainLlbi u£ Claim 1 1. 

5 

Du . k y . u uiiJ information 

nSiQ ocnainrLr elements are configured, for example ^ a , g so-called 
planar sensing elements, which comprise a composite 

10 construction of individual layers arranged one above another 
in film form. The individual films of this composite 
construction are arranged one above another in defined 
fashion, resulting in various functional layers. The 
individual films of the composite construction are, for 

15 example, laid onto one another by means of a screen printing 
technique, as ao on^llQfA green films. The sensing elements 
usually have solid electrolyte films, electrode films, heati^^*^^^^ 
conductor films, insulation films, and protective films . ^lovm 
sensinq films also have substrate films with printed 

A. 

20 electrolyte layers, aluminum oxide substrate films with 

semiconductor sensors (TiO^, SrTi03) . Instead of laying the 
green films onto one another, the latter^-eaA also be obtained 
by individual printing steps. The arrangement of these 
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different films one above another results in a laminated 
composite construction from which the sensing element is 
obtained by sintering. 

5 During testing of the sintered sensing element, or during 

utilization thereof as intended, the individual layers of the 
sensing element are exposed to different temperatures. Because 
of these sudden temperature changes which occur with differing 
intensity, the sensing elements experience a temperature shock 
10 which leads to the occurrence of mechanical stresses in the 
surface region, in particular at the edges of the sensing 
Q element. In order to increase the temperature shock resistance 

0.2 of the sensing elements, it . i-S . , known, for ojcamplo from . U.S. 

P,,ent J^l^HB^^feS^ 1!S?tiges of the sensing element, 
i e tr n-T-ii/ UieKith a chamfer. Chamfering is accomplished 
by way of a grinding operation aftcs sintering and after 
sectioning of the sensing elements. It is disadvantageous 4^ 
4=.hlj cinjnfeuAT^Lh^^^Lli^^ already^ complete^ sensing elements 
^ubjoGtod to a mechanical machining operation which is 
relatively complex and 2^ lead to undesired damage to the 
sensing elements . 
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a, 25 The method according to the present invention itawiuy thai 

j;^rn 1-Mrp n "or-itTi^ ir ^t-^"' ^ offers, in contrast, the advantage 
^ that blunting of the edges of the sensing element -©aa be 

accomplished in a simple manner without the' risk of impairing 
the sensing element. BCuauaa tehe edges of the sensing element 
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are blunted prior to sintering, it is possible to blunt the 
edge in any desired geometry using simple, non-chip-removing 
^ methods. In particular, / blunting of the edges -ea^^be 

accomplished in a form deviating from a flat surface, for 
5 example in a convex or concave form, so that mechanical 

stresses which occur as a consequence of a temperature shock 
to the blunted edges cannot result in the creation of cracks. 

In a preferred embodiment of the present invention, provision 
10 is made for the edges to be blunted by shaping, preferably by 
stamping of the film composite construction present in the 
O green state. It is thereby possible, using a simple stamping 

C tool, to shape the edges of the composite construction of 

% g^een films in simple fashion, due to their soft consistency 

'"■^15 prior to sintering. By configuring a corresponding stamping 
Ou lij tool, a blunting of the edges ^e«%^ be. executed in any desxred 

□ form. It is particularly advantageous if,^*#**e* stamping tools 

have already been used, the stamping films laid in place are 
^ ones which allow shaping only of the edge region of the 

220 sensing element, and lea^/e the other regions, in particular 
the planar regions of the sensing element, unmodified. In 
order to prevent adhesion of the green film composite 
construction of the sensing element in the stamping tool, the 
stamping film rnnf vor^ i advaiTt ; cigGburl y , b e equipped with an 
25 anti-adhesion coating, in particular Teflon. 

In a preferred embodiment, p^ee ^ Jnsiut ' i " ii J moroovod; made - f er r 
blunting of the edges feQ - bg accomplished by of a laser 



I ^ trontmrn^ minn-r. rmnirr^o ^^ pnr^o-i b1 ft , vnrv advantaa n nnTrl ^jr . Xn\ 
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accomplish noncontact blunting of the edges of the sensing 
element in the green state, so that any^mechanical loads on 
Ol the green film composite construct ion^SS^ be ruled out . -Ver^ 

^ S^.L%.gSg^^.r%?^^^T^nib1n t^ adjust^fh^e contour of the 

5 blunted edges of the sensing element by way o& a mask of an 
excimer laser that is preferably used. 
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By o S^y^-^- the laser treatment, blunting of the edges ^ 
preferably be accomplished even before sectioning of the green 
films present in the composite construction, so that blunting 
fl. of the edges 2Si be accomplished very ^^f ectively - At the same 

O time, the break points of the wafer ^bstvi^ig the individual 



sensing elements ee«? thereby be defined. 



It is also preferred, in particular, if the laser treatment 
y simultaneously accomplishes blunting of the edges and 

=^ sectioning of the green film composite construction. By 

3 adjusting the laser output and the geometry of the laser beam, 

2 it is thus possible to accomplish edge blunting and sectioning 

%20 in one operation. 

Ctt^^hgr- adVaflLayeuUij ^mbudiiuents ot bhe invent: ion are evidt^nu 
jr^^^ ^ t hnr f^^^n,^oo -K-or-ii-nrI in tho doTJendont r7laimq => 



The rrnrnn- ^^^^^^^^^^ ,■,-U^-^^,=.-^^^ained in mole Lull LulO^ 
in L...cinplai^ uLiiLjaiuieiiLs , With reterenuu Lu Lhu pertinent ^ 
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FigVre 1 shows a sectioned depiction through a sensing 
elen^nt ; 

Figur\ 2 shqws a sectioned depi-ction through a panel of 
several sensing elements; 

Figure \ /sUovfs geometrical structures of lasers; 

Figure /\ slows the use according to the present invention of 
a laser; and 

Figures 5 aVd 6 show the use according to the present 

invention oAa stamping technique. 

^ ^Ltf-M-uJ DoGcAiptioj j 

Figure 1 shows a sectioned depiction through a sensing element 
10 which 2^ serve, for example, to determine an oxygen 
content in exhaust gases of internal combustion engines in 
motor vehicles or of furnaces. Since the configuration and 
function of a sensing element 10 of this kind are commonly 
known, only the configuration that is important for explaining 
the'''^nvention will be described below. The sensing element 
substantially has an elongated, flat-plate configuration that 
is composed of individual strata of various functional layers. 
As th o rnnfi-n--1 J -= -! -iinnrTn H n Figure 1 illustrates, 
sensing element 10 possesses an electrochemical measurement 
cell 12 and a heating element 14. Measurement cell 12 includes 
a first solid electrolyte film 16 and a second solid 
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electrolyte film 18 which has an integrated reference gas 
conduit 20. A measurement electrode 22 is associated with a 
measured-gas-side surface of electrolyte film 16, and a 
reference electrode 24 is associated with the surface 
5 associated with reference gas conduit 20. A porous cover layer 
26 is arranged above measurement electrode 22. 

Heating element 14 has heating conductors 32 embedded in 
insulation layers 28 and 30. Adjacent to insulation layer 30 
10 is a further cover layer 34. 

O Solid electrolyte films 16 and 18 and cover layer 34 are made, 

2 for example, of a stabilized zirconium oxide (ZrOj . Electrodes 

* 22 and 24 and heating conductors 32 are made, for example, of 

""Jl5 a platinum cermet. Insulation layers 28 and 30 are made, for 
yj example, of a mixture of aluminum oxide {AI2O3) and 

jU glass-forming components. 

t The entire composite construction of individual layers 

'■fto possesses, when viewed in cross section, an approximately 

parallelepipedal configuration, at least edges 36 running in 
the longitudinal direction of the sensing element^b avi a ag a 
chamfer 3 8 . 
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Sensing element 10 is manufactured by successive lamination of 
the individual layers onto cover layer 34, which at the same 
time constitutes a support. Definition of the layers be 
accomplished by screen printing of a paste material which has 
the respective composition of the layer. After completion of 
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this lamination, there results a composite construction of 
so-called green films of the individual layers, which possess 
a relatively soft consistency. The composite construction is 
then subjected in j Li ' njjtiun f aohici a to a sintering operation, 
sensing element 10 baiag created under the action of 
temperature and rapt i onii1 l^'^ pressure. 

A 



According to the present invention, provision is now made, 
before sintering, for patterning chamfers 38 of edges 36. 
Individual possibilities for achieving chamfers 38 will be 
discussed below . 



Figure 2 shows a portion of a ^-^cij ^iiallod panel of a plurality 
of sensing elements 10 present in the green state. In this, 
the individual layers of sensing elements 10 are laminated 
simultaneously for a plurality of sensing elements 10, and the 
composite construction of green films for one sensing element 
10 is then sectioned out. Figure 2 shows portions of three 
sensing elements 10. Parts identical to those in Figure 1 are 
given identical reference characters, and will not be 
explained ngi i n l_ ript n i 1 ^ i r^r.|e ; rn- -; nm Tnr.-i»n . mj. ■ip .iL . i^LJii miru i 

A. 

£Qr roauuiij> " ur ulajj i ili^ After lamination, cutting lines .40 are 

defined at which sectioning of sensing elements 10 is 

accomplished. Prior to sectioning of sensing elements 10, a 

may 

defined surface depression 42 oan . be introduced at cutting 
lines 40. This surface depression 42 ea-rr* be executed, for 
example, using an excimer laser 44 which has a specific mask. 
Figure 3 shows, for example, two possible masks. According to 
the left-hand depiction, excimer laser 44 ■ cqh . possess a 



triangular mask so that surface depressions 42 are triangular 

in accordance with this depression. According to the exemplary 

may 

embodiment depicted on the right in Figure 3, the mask cssua^ 

also have delimiting surfaces extending in concave fashion. 

Alocu CQiiJui'u uLflu "I I Jnthnr exemplary embodiments which exhibit 

mixed forms of planes running at various angles and/or concave 

and/or convex delimiting surfaces. 

A 

As Figure 4 illustrates, excimer laser 44 is moved along the 
surface of the composite construction of green films. For this 
purpose, either excimer laser 44 ^swi^be movable, and/or the 
green films be moved past excimer laser 44. Surface 

depression 42 is patterned in terms of -its depth and feed rate 
in accordance with the output setting of excimer laser 44. 

The patterning of surface depressions 42 yields blunted edges 
36 with their chamfers 38. Sensing elements 10 are then 
sectioned along cutting lines 40, and are then subjected to 
the sintering operation. Sensing element 10 shown in cross 
section in Figure 1 is then created. Because chamfers 3 8 are 
patterned while the films of sensing element 10 are in the 
green state, and because of the noncontact patterning with 
excimer laser 44, sensing element 10 is not subjected to any 
mechanical stress, thus substantially ruling out damage. 

Sectioning of the sensing elements ee**^be accomplished via a 
further treatment with an excimer laser which has a 
corresponding mask. It is also possible, however, by selecting 
a mask and an output level for excimer laser 44, to execute 
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the surface depression and sectioning in one operation. 



Figure 5 indicates a further possibility for patterning 
chamfers 38. In this, a sensing element 10 is acted upon by a 
stamping apparatus 45 after sectioning of the composite 
construction of green films. Stamping apparatus 45 possesses a 
contour 46 which allows shaping of edges 36 in such a way that 
the then exhibit chamfers 38. Depending on the shaping 

of contour 46, chamfer 38 -e^wft also have a different contour as 
a result of stamping, for example planar and/or convex and/or 
concave sections. Contour 46 of stamping apparatus 4 5 > G . aft be 
created either- by manufacturing a corresponding stamping 
apparatus 45, or by laying a stamping film 48 into stamping 
apparatus 45. Stamping film 48 is preferably equipped with an 
anti-adhesion coating, for example Teflon or titanium nitride. 
Since the green films still have a relatively soft consistency 
in the case of this shaping as well, chamfers 38 -eai4 easily be 
stamped in without causing impairment to the prefabricated 
sensing element 10. 

Figure 6 shows a further exemplary embodiment in which 
stamping of a composite construction of sensing elements 10 

be accomplished. For this, stamping apparatus 45 possesses 
a stamping contour 50 which exhibits projections 52 
corresponding to depressions 42. Stamping contour 50 ©aft^also 
be equipped with an anti-adhesion coating. With the exemplary 
embodiment shown in Figure 6, it is easy to stamp a plurality 
of sensing elements 10 in a multiple panel with one stamping 
step, subsequent sectioning occurring along cutting lines 40. 



stamping apparatus 4 5 ve.[igy ^advantageously have an upper 

die 54 and a lower die 56, so that the upper and lower sides 
of sensing elements 10 ^e a.^ stamped simultaneously m one 
process step. Because of the relatively soft consistency of 
the as-yet unsintered sensing elements 10, surface depressions 
42 be stamped in with little energy expenditure, so that 

damage to the structure of sensing elements 10 ^ a i i ^ be 
excluded . 



It is self-evident that when chamfers 38 are patterned either 
using excimer laser 44 or with stamping apparatus 45, both 
sides of sensing element 10 are processed. For this purpose, 
either an apparatus acting in double -sided fashion e-a^^be 
provided, or the green film composite construction of sensing 
elements 10 is turned over. 

In it is clear that the configuration of chamfers 38 m 

various contours, which is desirable in order to increase the 
temperature shock resistance of sensing element 10, ea» be 
effected using easily implemented actions. The outlay for 
tooling is relatively low, and the latter is subject 
essentially to no wear, so that long service lives may be 
expected. The additional use of consumable materials, for 
example as in the case of grinding of the sintered sensing 
element 10 defined in the existing art, is entirely 
eliminated . 
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